Protected areas are a cornerstone of local, regional, and global strategies for the conservation of biodiversity. However, the ecological performance of these areas, both in terms of the representation and the maintenance of key biodiversity features, remains poorly understood. A large and rapidly expanding literature bears on these issues, but it is highly fragmented, principally comprises particular case studies, and employs a diverse array of approaches. Here we provide a synthetic review of this work, discriminating between issues of performance of inventory and condition at the scale of individual protected areas, portfolios, and networks of protected areas. We emphasize the insights that follow and the links between the different issues, as well as highlight the major problems that remain unresolved. 
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Figure 1
Global coverage of protected areas. The proportional coverage of each cell of a Behrmann-projected equal-area grid, at a resolution equivalent to 1 • longitude and 1 • latitude at the standard parallels of 30 • N/S (96.5 km), was calculated by intersecting this grid with terrestrial and marine-protected area maps compiled from WDPA (2006) . Only designated areas were included, with exclusions comprising sites with status Degazetted, Proposed, Recommended, Unset, and Voluntary. Sites were included with known boundaries ( polygons; with some additions made to the original data set for Brazilian protected areas [http://www.mma.gov.br/]) and point records. Protected areas with only point locations and area data were converted to circular shapes of the correct size centered on the coordinates provided in the database. Prior to calculations of coverage for each cell, overlapping areas were dissolved. Numbers of countries and territories (n = 230) with different levels of proportional coverage of terrestrial area plus territorial waters by protected areas. In the few cases (islands) in which proportions were larger because of overlap between terrestrial and marine protected areas these have been rounded to unity. From data in WDPA (2006) .
at that of a network of protected areas. The term network is commonly applied in the conservation biology literature to refer to any collection of protected areas in a region or globally. However, it is perhaps more helpful to discriminate between the performance of a collection or set of sites, which we term here a portfolio, without necessarily considering the dynamic interactions that take place between them, and the performance of a network of sites in which such interactions would explicitly be expected to take place .
Second, at the chosen spatial scale of analysis, the performance of protected areas can be addressed in terms of the full spectrum of kinds of biodiversity features, from genes, individuals, and populations through to species, habitats, and ecosystems. Obviously, consideration of different kinds of features offers various opportunities and constraints; studies of lower levels of the organizational hierarchy (genes, individuals, populations) typically necessitate extensive fieldwork to obtain data, and those of higher levels (e.g., habitats, ecosystems) are better able to exploit the possibilities of remotely obtained data.
The third distinction is between assessments of the performance of protected areas for conservation aimed at the two principal goals in their establishment and maintenance, namely the capture of a sample of biodiversity, with a particular focus on rare and threatened features (typically habitats or species), and the separation or buffering of this sample from external pressures (Margules & Pressey 2000) . In analyzing performance with regard to how well protected areas capture biodiversity features, one is essentially concerned with inventory or representation measures. That is, the numbers, extent, and perhaps diversity of the features occurring within the protected areas. In analyzing performance with regard to how well those features are buffered from external pressures, one is principally interested in measures of their condition or persistence. Here the focus is on the levels of temporal retention or loss of features, and other changes in their status, such as in their numbers, extent, and diversity.
Finally, different baselines can be used for assessment of the performance of protected areas. Literature on management of protected areas tends to focus on performance against the original justifications for the designation of a site as protected, whereas the conservation biology literature at large tends to take a broader perspective, asking how well protected areas perform in attaining conservation goals regardless of the grounds for their establishment. Baselines can also vary in other ways. Inventory assessments-how well protected areas sample biodiversity featurescan be made with respect to the occurrence, coverage, and abundance of those features in the immediate environs of each protected area, in the broader region in which the protected area occurs, or yet more widely. Likewise, condition assessments can, for example, be made with respect to how features have changed within one or more protected areas through time (a HereThenHereNow analysis), how the state of features within protected areas compares with that outside them (a HereNow-ThereNow analysis; i.e., a Space-for-Time analysis), or how the state of features has changed within protected areas compared with how it has changed outside them (a HereThenNow-ThereThenNow analysis). The conclusions drawn from temporal comparisons may obviously differ markedly depending on the period considered .
Combining these four different facets of assessing the performance of protected areas results in numerous possible combinations of spatial scale, biodiversity features of interest, inventory and condition assessment, and baseline measurement. None of these combinations has been well studied, and most have not been explored at all. Below, we consider the ecological performance of individual protected areas, portfolios of protected areas, and networks of protected areas, addressing for each issues both of inventory and condition, and focusing principally on the conservation of habitats, species, and populations.
INDIVIDUAL SITES Inventory
There is no doubt that individual protected areas not only feature heavily in strategies for the conservation of biodiversity, but that many also play an important role in conservation. Perhaps most obviously, individual sites, and particularly larger ones, may harbor large numbers of species (Table 1) . More significantly, however, they can account for the entire or a high proportion of the global or regional occurrence, abundance, or diversity of given biodiversity features (e.g., Brook et al. 2003 , Curran et al. 2004 , Jaffre et al. 1998 , Simmons 1996 , Thorbjarnarson et al. 2002 , Wei et al. 2004 . This is particularly the case in island systems, with their high levels of endemism, and in which the remaining remnants of previously more widespread native habitats (e.g., forests) and the associated species are often formally protected. More generally, in many regions, island or continental or marine, the effectiveness with which individual protected areas capture biodiversity features is evidenced by the growing tendency for many of them to become isolated amid heavily exploited or disturbed habitat (DeFries et al. 2005) . This said, remarkably few studies have formally contrasted the occurrence of biodiversity features within and outside individual protected areas. There are examples in which the richness and/or abundance (or biomass) of species was found to be greater within than outside individual protected areas (e.g., Ashworth & Ormond 2005; Caro 2003; Caro et al. 1998; Friedlander et al. 2007; Guidetti 2006 Guidetti , 2007 Halpern 2003; Micheli et al. 2005; Rakitin & Kramer 1996; Setsaas et al. 2007) , but also in which it was not significantly different (e.g., Caro et al. 1998 , McClanahan et al. 2006 , Rakitin & Kramer 1996 , or was greater outside than within protected areas (e.g., Ashworth & Ormond 2005 , Caro 2002 , Edgar et al. 2004 , Guidetti 2006 , Monaco et al. 2007 , Rannestad et al. 2006 .
Such studies, however, have to be interpreted carefully. Greater richness or abundance within than outside individual protected areas could variously arise because (a) protected areas were originally designated in places of greater richness or abundance, and thus such differences may exist transiently even if subsequent protection was not particularly adequate; (b) protected areas were not originally designated in places of greater richness or abundance, and though the numbers have not substantially changed, these areas have come to hold relatively more species or individuals than elsewhere because of lower relative levels of threatening processes (Caro 2003 ; or (c) protected areas have experienced recovery in species richness or abundance as a consequence of the removal or reduction of threatening processes (Guidetti 2007 , Micheli et al. 2004 . Likewise, greater richness or abundance outside than within protected areas could arise because (a) protected areas were originally designated in areas of lower richness or abundance, because of competing interests (e.g., for resource exploitation; Edgar et al. 2004) , insufficient consideration of biological criteria (Monaco et al. 2007 ), or if there were significant spatial mismatches in the richness and abundance of features for which the protected places were and were not primarily designated (Caro 2002) ; (b) habitats and management outside protected areas are favored by species (Ashworth & Ormond 2005 , Rannestad et al. 2006 ; or (c) species interactions (most obviously predation) cause greater abundance of some species within compared with outside protected areas, resulting in the lower abundance of others (Micheli et al. 2004 , Guidetti 2006 . Which of these scenarios best explains a given outcome can be difficult to determine.
Condition
Patterns. The first requirement so that individual protected areas can provide a positive contribution to the condition of biodiversity features is that those areas must retain their protected status. This is not always the case, with entire or large parts of protected areas being sacrificed, often to development. If protected areas do persist as such, then the question arises as to whether they are generally effective in enhancing or maintaining, or at least in slowing the rates of loss of, biodiversity features.
Several studies have provided evidence that rates of loss of natural land cover or habitat are reduced in protected areas (e.g., Bruner et al. 2001 , DeFries et al. 2005 , Naughton-Treves et al. 2005 , Pelkey et al. 2000 , Sánchez-Azofeifa et al. 2003 . In the extreme, the influence on loss can result in protected areas comprising the largest remaining natural or seminatural habitat patches in a landscape (e.g., García et al. 2005 , Sánchez-Azofeifa et al. 2002 . However, there is much variation in this effectiveness, and many protected areas, particularly in the tropics, continue to experience, sometimes severe, habitat loss (e.g., Curran et al. 2004 , DeFries et al. 2005 , Gaveau et al. 2007 , Naughton-Treves et al. 2005 , Nepstad et al. 2006 . Buffer zones, intended to soften the transition from unprotected to protected lands, have proven particularly vulnerable, often because of weaker levels of legal protection and management. This undermines the reasons for the implementation of such zones and results in the extension of edge effects further into protected areas.
The influence of protected areas on the occurrence and abundance of species is similarly mixed, with studies documenting the loss from protected areas of species of conservation concern (e.g., Brashares et al. 2001 , Meijaard & Nijman 2000 , Newmark 1987 , Parks & Harcourt 2002 , Rivard et al. 2000 , declines in abundances (e.g., Estes et al. 2006 , Ottichilo et al. 2000 , Thouless 1998 , Whitfield et al. 2007 , Woinarski et al. 2001 , and increases in abundances (e.g., Hawkins et al. 2006 , Lubow et al. 2002 , Russ & Alcala 2003 , Thouless 1998 , Williamson et al. 2004 ). However, it seems likely that the literature is biased in important ways that complicate the extraction of robust generalizations. First, it is almost certainly biased toward studies that document strong directional changes (positive or negative), with those failing to find such trends being regarded as of rather less interest (or being reported only in the context of directional trends in other species), although from a conservation perspective these latter results are obviously also extremely important. Second, the loss and decline of species has predominantly been documented for terrestrial protected areas, while the gain and increase of species has predominantly been documented with regard to marine protected areas and the positive effects that can ensue from the establishment of well enforced no-take zones. Third, the available time series of occupancy and abundance are typically rather short, limiting the ability to detect both directional changes and more complex dynamics. This is significant because species may differ greatly in the rapidity of their responses to threatening processes and conservation measures, and the interactions between the two. In addition, the interpretation of the results of many studies can be difficult, particularly where it is unclear whether increases in abundances within protected areas are the consequence of recovery owing to population growth or the redistribution of individuals across the broader landscape or seascape.
On present evidence it seems reasonable to conclude that some protected areas are failing effectively to protect key species, and that some are managing successfully to maintain or build the populations of such species. However, locally, regionally, and globally an empirical understanding of the proportions of species in major taxa that would fall into these different categories, and the mechanisms giving rise to these proportions, remains almost entirely wanting.
Processes.
The decline or loss of biodiversity features from individual protected areas can result from internal or external pressures, or some combination of the two. Internal pressures are directly expressed within protected areas, although they may originate from beyond their bounds (e.g., reductions of water flows into a terrestrial protected area through extraction outside; pollution of water inside a terrestrial or marine protected area as a consequence of spills outside). External pressures are directly expressed outside protected areas (e.g., habitat loss and degradation in wider landscape or seascape).
Within individual protected areas, declines and losses of species have variously been attributed to habitat loss and degradation (including human disturbance), overexploitation and poaching, and alien species ( Table 2 ). The degree of such pressures is typically regarded as a reflection of the effectiveness of management actions (note, most studies have been conducted in protected areas that receive active onsite management, but most protected areas receive no such management). Indeed, there are many cases in which losses and periods of decline of species in protected areas have been attributed to poor management, including insufficient control of habitat change and destruction and resource extraction, or the entire removal of protected status (e.g., Dinerstein et al. 2007 , Inogwabini et al. 2005 , Meijaard & Nijman 2000 , Russ & Alcala 2003 , Thorbjarnarson et al. 2002 . However, even when overall levels of management are good, there may be conflicting demands as to what is most appropriate for different species; this is particularly problematic in small protected areas, where opportunities to conduct different kinds of management in different parts of a protected area are limited. Losses and declines of species within protected areas may also result from external pressures, whose influences are, by definition, typically impossible to resolve or less readily resolved through management within those areas. Indeed, in the extreme, declines and losses may occur from otherwise apparently pristine protected areas (e.g., Gurd et al. 2001 , Laidlaw 2000 , Wenzel et al. 2006 ). These external pressures are typically much the same as those that can occur within protected areas, but are directly expressed elsewhere. Arguably the foremost is habitat loss and degradation beyond the immediate bounds of a protected area. Of those for which measures of extent are available, considerably more than half of protected areas are less than 10 km 2 in size (WDPA 2006) . In practice, the proportion is likely to be higher than this, because small areas have a higher probability of being missing from this collation and of having undocumented boundaries. This means that, even when habitat is otherwise suitable, in isolation many terrestrial and marine protected areas simply are not large enough to maintain viable populations of species, particularly those that occur at low densities (Brashares 2003 , Curran et al. 2004 , Gurd et al. 2001 , Laidlaw 2000 , Sánchez-Azofeifa et al. 2002 , Woodroffe & Ginsberg 1998 . Losses from protected areas tend therefore to follow inevitably from the tendency for protected areas to become increasingly isolated from similar habitat, as those areas that have not been designated for protection undergo habitat transformation (Laidlaw 2000 , Struhsaker et al. 2005 , Wenzel et al. 2006 . Indeed, analyses have variously shown that the numbers and abundances of species increase with the size of protected areas (e.g., Friedlander et al. 2007 , Gurd et al. 2001 , the numbers and rates of extinctions in protected areas decline with increases in their size (e.g., Brashares et al. 2001; Newmark 1987; Rivard et al. 2000 ; but see Parks & Harcourt 2002) , that persistence time increases with their size (Brashares 2003) , and that the combined area of appropriate habitat within and in the vicinity of protected areas is a better predictor of extinctions than simply the area within protected areas (Wiersma et al. 2004) . In order to maintain populations, protected areas need to become larger as they become less connected to similar habitat and other patches, and thus the long-term future particularly of many large-bodied terrestrial species may rest on the establishment of megareserves (Soulé & Terborgh 1999 , Peres 2005 . Indeed, megareserves may frequently be necessary to support a full complement of species and land-or seascape scale ecological processes (e.g., natural disturbance regimes; Peres 2005). This said, it is important to remember both that it is extremely difficult to create large protected areas in many regions, and that small protected areas fulfill vital functions for some biodiversity features particularly in highly fragmented environments (Cowling & Bond 1991) .
The inventories of species that are still present in protected areas may be inflated by extinction debt. That is, species may be present that, as a result of the loss of habitat, may no longer have viable populations, and are thus committed to extinction. Indeed, it seems likely that many protected areas carry substantial such debt (Burkey 1995; Báldi & Vörös 2006) . This is a significant concern, as it adds a real complication to determining how well protected areas are actually performing. Depending on their degree of isolation, once extinction debts have been paid many protected areas may principally contain common and widespread species and have lost the rare and restricted ones; this seems often to typify small protected areas in highly developed regions (albeit complicated by the accompanying tendency for declines in previously common and widespread species).
Beyond discussions of minimum overall population size, surprisingly little general consideration has been given to the dynamic relationships between the populations of species occurring inside and outside of individual protected areas. A common presumption is that protected areas act as sources for the wider land-or seascape, particularly when they constitute substantial components of the remaining or better-quality patches of habitat. This is doubtless often the case, and indeed is the principle on which no-take reserves are established to build harvestable stocks in surrounding areas, although direct empirical evidence of individual protected areas acting as source populations is scarce and difficult to obtain. However, both in terrestrial and marine systems, individuals frequently cross the boundaries of protected areas, variously in the course of daily (e.g., those with large home ranges, or home ranges on the periphery of protected areas), seasonal (e.g., migrants), and other movements (e.g., nomadic species) (Guidetti 2007 , Thouless 1998 , Thirgood et al. 2004 , Wilcove & May 1986 ). In addition to habitat loss, they may subsequently be lost outside those protected areas for a variety of reasons, most notably through exploitation or persecution (e.g., Sergio et al. 2005 , Woodroffe & Ginsberg 1998 . This is particularly likely with small protected areas because of their high ratios of perimeter to area. Levels of habitat loss, exploitation and so forth beyond the bounds of protected areas may often be influenced by the size of the human population in the surrounding areas. Indeed, the numbers and rates of extinctions in protected areas have been shown to be positively correlated with human density, and protected area sizes decline with increases in this density (Brashares et al. 2001 , Parks & Harcourt 2002 .
Protected areas may, of course, also themselves be population sinks, with the occurrence of some species within their bounds dependent on a flow of individuals from outside (Hansen & Rotella 2002) . As habitat is lost outside protected areas, such species become extinct within them. In terrestrial systems, these effects may be exacerbated by biases in the distribution of protected areas toward less productive and higher-elevation lands, in which the natural abundances of many species may be disproportionately low (see below; Hansen & Rotella 2002) .
In practice, particularly given the short time series typically available, it is often extremely difficult to determine whether the decline or loss of species from individual protected areas results from internal or external pressures, and just what the particular pressures are. This is complicated by the complex interactions between species, in which shifts in the abundances of predators, competitors, and so forth, can have knock-on consequences for other species (e.g., Guidetti 2006 Guidetti , 2007 .
PORTFOLIOS OF SITES Inventory
The global portfolio of protected areas covers highly variable percentages of the world's major biomes and vegetation or habitat types. The precise figures differ depending on the biome categorization used, but based on one scheme, coverage of terrestrial biomes, for example, ranges between ∼5% for temperate grasslands and savannas, and for Mediterranean forests, woodlands, and scrub (both of which have also experienced high levels of habitat conversion), to ∼25% for montane grasslands and shrublands, and temperate conifer forests (Hoekstra et al. 2005) . Similar or greater patterns of variation are observed within particular regions, with some vegetation or habitat types being entirely missing from protected areas (Table 3) . Indeed, in general, terrestrial protected areas have tended historically to be biased toward higher elevations, steeper slopes, and lands of lower productivity, lower economic worth, and low human density (e.g., Armesto et al. 1998 , Cantú et al. 2004 , García et al. 2005 , Pressey 1994 , Scott et al. 2001 , and toward boundaries between geopolitical units (increasingly providing the basis for transboundary or transfrontier protected areas). Recent and proposed additions may often lessen such biases, but they nonetheless remain.
A number of programs have identified important areas for conserving species, in particular higher taxa. Again, their coverage by portfolios of protected areas is extremely variable. For example, of Important Bird Areas (IBAs) in Asia, 43% are completely unprotected and 14% have only partial protection (BirdLife International 2006). Likewise, of 595 discrete sites that have been identified as containing the overwhelmingly significant known population of at least one endangered or critically endangered species, 43% are known to be unprotected, with others only partially protected or with currently unclear protected status ). Given such biases, it is unsurprising that portfolios of protected areas tend also to capture highly variable proportions of the species in global or regional floras and faunas (Table 4) . Rodrigues et al. (2004b) found that the global portfolio overlapped the mapped distributional extents of 88% of species of amphibians, turtles, mammals, and threatened birds, although this doubtless substantially overestimates the percentage that actually occurs within the portfolio or does so in adequate numbers. Minimum estimates of the percentages of species that are not covered at all by protected area portfolios tend to be more reliable, and disproportionate emphasis has been put on these, perhaps somewhat at the expense of acknowledging undoubtedly substantial achievements in species coverage. Globally, the gaps in coverage tend to occur disproportionately in the tropics, on islands, and in mountainous areas (Rodrigues et al. 2004a,b) , although some species of conservation concern are almost invariably missing from any regional portfolio of protected areas ( less or no more biodiversity features than expected if protected areas were randomly distributed in space (e.g., Burgess et al. 2005 , Deguise & Kerr 2006 , and when compared with optimized theoretical distributions of protected areas (e.g., Peterson et al. 2000) . The practical value of such findings is, however, somewhat questionable. They provide little insight into the actual performance of existing protected areas, there are huge practical constraints on where protected areas can be placed and what form they can take (often being strongly influenced by local topography, etc), and such exercises tend greatly to simplify their sizes and shapes. Very variable proportions of the total populations and the geographic ranges of individual species are also included within portfolios of protected areas (e.g., Czech 2005 , Herremans & Herremans-Tonnoeyr 2000 , Jackson et al. 2004 , Sólymos 2007 . At one extreme, these proportions can be exceptionally large, with all or the majority of individuals of some species being contained within protected areas (e.g., Amin et al. 2006 , Banks et al. 2007 , Thorbjarnarson et al. 2002 , Thiollay 2006 , Wei et al. 2004 . However, it is important to remember that these proportions would often be considerably smaller if expressed in terms of the original overall populations and geographic ranges of these species, and that as similar habitat is lost outside of protected areas they come to capture larger proportions of the remaining abundances and distributions of biodiversity features without necessarily any increases in the extent of portfolios or the effectiveness of their management. Of course, more typically, substantial proportions of the extant populations and ranges of species occur outside of portfolios of protected areas (e.g., Das et al. 2006 , Rodrigues et al. 2004b , Rondinini et al. 2005 , including for many high-profile, large-bodied, terrestrial mammal species (e.g., African elephant Loxodonta Africana, Asian elephant Elephas maximus, lion Panthera leo). In consequence there have been continual calls for the designation of new protected areas for particular species and taxonomic groups.
Portfolios of protected areas have variously been found to be better at capturing (a) the more widespread species than the more restricted ones, often meaning that they fail adequately to capture many of the most threatened species (e.g., de , Rodrigues et al. 2004b , and (b) the more aggregated species than the more dispersed ones ( Jackson et al. 2004 ). However, the proportion of the geographic ranges of species covered by protected areas tends to polarize for more restricted species (often being either high or low) and on average to decline with range size, such that more widely distributed species are covered roughly in proportion to the extent of the portfolio of protected areas (L.C-S., unpublished analyses).
There have been much-reiterated recommendations regarding the desireable overall geographic coverage for portfolios of protected areas, in part motivated by the need to resolve some of the shortcomings of these portfolios in representing biodiversity features. These include 10% (IUCN 1993) or 12% (WCED 1987) of a biome or country's surface area, and 20-30% of each marine and coastal habitat (WCPA 2003) . However, such targets tend foremost to reflect political expediency, with much greater coverage often being necessary to represent adequately, let alone protect, biodiversity, and with required levels differing from one region to another (Rodrigues & Gaston 2001) . The proportional coverage required should emerge from, rather than constrain, the conservation requirements for biodiversity features (Svancara et al. 2005) . In this vein, much work has been done to identify areas that, if adequately protected, would serve to fill in the gaps in coverage by protected areas, both in terms of capturing species and capturing sufficiently large proportions of their geographic ranges, and are thus priorities for conservation (e.g., Rodrigues et al. 2004b) . In many cases the required expansions of the protected area portfolio are substantial (e.g., an additional 10% of surface area of Africa; Rondinini et al. 2006) . Much of the expansion often concerns areas of relatively high human population density, reflecting the widespread trend for human density and species richness to be positively correlated at coarse-to-moderate spatial resolutions, and some of the difficulty in acquiring particular prime sites for conservation.
Condition
Although broad targets for the coverage of biodiversity features by portfolios of protected areas have been discussed principally in the context of issues of representation, they are obviously also of importance to issues of condition and persistence. Larger portfolios are likely to enhance the persistence of biodiversity features because they tend to contain greater amounts of particular habitat types and cover a matrix of different successional stages and alternative stable states, and more populations, more individuals, and greater genetic diversity of individual species.
However, there have been surprisingly few attempts to assess explicitly the condition of a portfolio of protected areas. The primary focus has been on developing methods to assess the effectiveness of conservation actions in protected areas (e.g., Ervin 2003b , Hockings 2003 , which if employed systematically across the protected areas in a region could certainly reveal much about portfolio condition. These approaches variously focus on pressures faced by biodiversity features, conservation actions to mitigate those pressures, and the outcome of those actions, namely the state of the biodiversity features. In practice, however, they have seldom been used systematically. Important exceptions include monitoring the condition of statutory protected areas in the United Kingdom against a common standard for each feature (habitat, species) for which a given site was designated and is therefore considered to be nationally important (Williams 2006) . The latest collation of results, reporting assessments for nearly 60% of features across the region, found that 56% were in favorable condition and 43% in unfavorable condition, with the balance being either partially or completely destroyed (Williams 2006) .
A variety of other kinds of analyses of the condition of portfolios of protected areas have also been conducted. These have variously shown:
1. Positive, negative, and no relationship between the numbers of biodiversity features in regions and the extent of coverage of those regions by protected areas (Armesto et al. 1998 , Deguise & Kerr 2006 , Evans et al. 2006 , Hunter & Yonzon 1993 , Lan & Dunbar 2000 . These have been used to infer either the extent to which portfolios of protected areas have been disproportionately designated in regions with greater numbers of such features, or, of more relevance for condition assessment, the extent to which portfolios have served to maintain greater numbers of biodiversity features (ideally, although seldom, controlling for potentially confounding environmental factors; Evans et al. 2006) . Given the frequent tendency for regions with high levels of species richness to be coincident with those with high densities of people, presumably as a consequence of both being heightened in areas of naturally high productivity, negative relationships between richness and protected area coverage tend to follow from the latter being disproportionately designated in less productive lands; 2. Lower or similar rates of loss or decline of species within portfolios of protected areas compared with outside (e.g., Devictor et al. 2007 , Robbins et al. 2006 , Stoner et al. 2007 , Thiollay 2006 , Thouless 1998 , Warren 1993 , suggesting a positive influence of portfolios on condition at least in some circumstances; and 3. More positive trends in population sizes of species in countries with greater proportional coverage by portfolios of protected areas designated for their protection, an association that has been interpreted as evidence of a causal link between policy intervention and species response (Donald et al. 2007 ).
In perhaps the most extensive analysis to date, Mora et al. (2006) examine the condition of the global portfolio of marine protected areas with respect to the conservation of coral reefs. They estimate that less than 0.01% of the coverage of these reefs lies within marine protected areas defined as no-take with no poaching and at low risk from threats from beyond their boundaries.
NETWORKS OF SITES
Although sets of protected areas are regularly referred to as networks, understanding of their network properties remains poor. The ecological performance of sets of protected areas in these regards largely concerns issues of condition rather than of inventory, with those of inventory being much the same between portfolios and networks (although the precise set of sites being considered may differ). The network properties of protected areas become more critical as intervening areas become less hospitable to species, and thus typically also as the connectivity between human populations tends to increase.
It is almost invariably desirable that sets of protected areas form networks such that organisms can move between them to some degree. The particular reasons for this depend on circumstance, but this may (a) enable successional processes or vegetation dynamics more broadly, which may necessitate the loss of particular habitat types from individual protected areas for potentially long periods; (b) provide sufficient habitat for species with large home ranges; (c) ensure viable population sizes when individual sites are too small; (d ) spread risk while ensuring that recolonizations can take place and enable metapopulation dynamics, in which presently unoccupied sites may be vital to the longer-term persistence of a species; (e) ensure protection of different stages in an organism's life cycle; ( f ) facilitate migratory behaviors; and ( g) enable the distributions of species to shift in the face of environmental change.
The importance of enabling species distributions to shift in response to climate change has attracted much recent attention, although one might argue that its effective consideration also requires that of the other reasons for which connectivity can be important. It is clear that under any realistic scenarios of future climate change protected areas will experience substantial shifts in the composition of vegetation types and species (Burns et al. 2003 , Halpin 1997 , Hannah et al. 2005 . Some studies predict that the changes will be greater for protected areas than the wider landscape or seascape, particularly as a consequence of northern biases in the distribution of protected areas and the more extreme climate change predicted toward the poles. Indeed, although many species are predicted to remain in at least some of the protected areas in which they currently occur (e.g., Hannah et al. 2007) , giving an important role for existing networks, there are arguable examples of species already lost from protected areas because of climate change (e.g., harlequin frogs in the Neotropics, La Marca et al. 2005) or in decline within protected areas as a result (e.g., plant species at higher elevations; Fisher 1997 , Lesica & McCune 2004 . It is thus vital both that the targets for protected areas of simply maintaining the biodiversity within their bounds are revised, and that movements of organisms across the landscape are facilitated. The ability of species to track climate change will depend on the rate of climate change, the dispersal ability of the species, species interactions, changes in disturbance regimes, and physical obstacles (Halpin 1997) .
The solutions to problems of connectivity are diverse and may include buffer zones; provision of corridors; the removal, from around protected areas, of barriers to movement (but this will increase other risks, e.g., poaching, invasive species); stepping-stone protected areas; and regional management planning (Halpin 1997 ). Because of concerns over climate change and for other reasons, linkages have been developed between protected areas, and there are proposals and programs to develop more (e.g., Dinerstein et al. 2007 , Rylands & Brandon 2005 , Sánchez-Azofeifa et al. 2003 . However, it is widely recognized that in isolation such initiatives will not suffice. Improved linkages between protected areas can resolve only some of the network problems of protected areas. For example, they may have limited, although still important, benefits for more nomadic species, which roam over huge areas, often in response to temporally variable environmental conditions. They may not resolve the impacts of high degrees of fragmentation resulting in very small protected areas (Hannon & Schmiegelow 2002) . More importantly, attempts to link protected areas need to be embedded within a broader concept of landscape conservation, in which protected areas are but one component, and in which protected areas are integrated into larger planning and management frameworks.
CONCLUSIONS
Strong statements abound in the literature about the importance and inadequacies of protected areas and about the role they should have in the conservation of biodiversity. This discussion has been played out against a rather limited empirical understanding of the ecological performance of those areas. In the main, available evidence comprises small numbers of case studies, often conducted in substantially different ways, from which it is extremely difficult to reach general conclusions about many fundamental issues. There is little doubt that, globally, protected areas capture a substantial component of biodiversity and buffer it from threatening processes. However, some significant gaps in knowledge, and thus key components of a future research agenda, concern (a) the numbers, proportions, and kinds of biodiversity features that are being successfully and unsuccessfully maintained or restored in different individual protected areas and in protected area portfolios and the factors that best predict these outcomes; (b) the relative ecological performance of different kinds of protected areas (e.g., differing in levels and kinds of management); and (c) the interactions between populations within and outside of protected areas and how these can most usefully be enhanced.
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